VT X OURNAL OF THR FACULTY oF Scrmncr ' +8 fae pocta dou" 3 
of the “ JoumxAL OF- THE COLLEGE OF SCIENCE ” ” published: by this 2 
anverso in forty-five volumes (1887-1925), and is issued i in five sections : Se 


3j Section I. —Mathematics, Astronomy, Physics, Chemistry 
Section IL — Geology, Mineralogy, Geography, Seismology 


Section TIL. —Botany 
Yd. e Section IV.—Zoology MU $ 
Section V.—Anthropology = 


Committee. on Publication 


Prof, x. Meloubara, Dean, ex e oficio 
Prof: T. Yoss 222, 


Fer E Shibsta (i 2x. 052 D eu 


Co Prot Xs i 
x Prof. T. Kato S = 


All communications relating to this JOURNAL should: be Flaconi AS the 
DRAN € OF THE: Facunry OF SCIENCE, IMPERIAL Unrversit¥ c OF Toryo. 


On the Structure and Affinities of Some Cretaceous 
Plants from Hokkaido. Second Contribution 
Contributions from the Divisions of Plant-Morphology and of Genetics, 


Botanical Institute, Faculty of Science, 
Tokyo Imperial University, No. 114 


By 


DI 


Yudzuru OGURA 


With 3 Plates and 16 Text-Figures 


After the publication of the first contribution on the Cretaceous 
plants from Hokkaido (1930), the writer was able to determine the 
following species. All of the specimens described are from the Yubari 
and Ikushunbets districts of Hokkaido; some of them were previously 
collected by Professor K. Fuzir others having been collected by the 
writer in 1930 and 1931. 


Cycadangium compactum, gen. et sp. nov. 
Pl. XXII, Figs. 1-4; Text-figs. 1-3 
Diagnosis 


Cycadean sporangial group attached on sporophyll. Sporophyll with 
sunken stomata; other structures uncertain. Sporangia closely crowd 
together ; each sporangium is cylindrical, perpendicular to the sporophyll 
surface ; the sporangial wall is composed of an outer thick-walled cell 
layer and an inner thin-walled cell layer; dehiscent line is prominent. 
No spores within. 


Material 


This is a fragment of sporophyll embedded within the nodule, 
about 10mm. in diameter. This is cut into two directions, the one 
perpendicularly to the sporophyll and the other parallel to it. The 
former shows cross section of the sporophyll, with numerous sporangia, 
in longitudinal section, attached to it perpendicularly (Fig. 1, Text-figs. 
1A & 2A). The latter shows cross section of the sporangia with a part 
of sporophyll (Fig. 2, Text-figs. 1B & 2B). From these sections this is 
understood to be a fragment of a large sporophyll, and the sporangium, 
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sp-,0 SERVISSE D 
Text-fig. 1. Cross (A) and longitudinal (B) sec- 
tions of the sporophyll, showing the arrangement 
and form of sporangia in longitudinal and cross 
sections. (Compare Pl. XXII, Figs. 1-2) (x 6) 
ph, sporophyll; sp, sporangium 


arranged closely toge- 
ther, is cylindrical, 1.5 
mm. in length and 0.5 
mm. in breadth, the free 
end being roundish. 

The sporophyll is 
very badly preserved, 
only leaving epidermal 
layers on both sides ; the 
internal tissue is quite 
decayed away, and is 
occupied by nodule 
material, so that it is not 
known on which side 
the sporangia are . at- 


tached; it may be natural, however, to consider that they are attached 


to its lower side. 

From Yubari, Ishikari, 
Hokkaido; Upper Cretaceous ; 
found by Prof. K. Fuji in 
1911 and prepared by him. 


Internal Structure 

The epidermal layers on 
both sides of the sporophyll are 
all of the same structure. 
The epidermis consists of 
regularly arranged small cells 
with a somewhat thickened 
membrane. In some parts, 
some groups of thin-walled 
cells are attached beneath the 
epidermis. The epidermal 
layer is interrupted in several 
parts, which are represented 
by small grooves, at the bot- 
tom of which are sometimes 
found peculiar cells just like 
guard cells, so that this groove 
should be a stoma with a 
sunken front cavity. 


Text-fig. 
magnified. 


2. One part of Text-fig. 1 
(Compare Pl. XXII, Figs. 3-4) 
( x 20) 


d, dehiscent line; other abbreviations as 
in Text-fig. 1 
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The sporangial wall consists of a few cell layers, the outermost of 
which is very prominent (exothecium), while the inner is rather 
difficult to observe (Fig. 3, Text-fig. 3). Each cell of the outermost 
layer is large, and its membrane is thick in the inner and lateral 
sides. In cross section of the sporangium 
each cell is rectangular in all parts, while 
in longitudinal section the cell on the 
lateral wall is long in the direction per- 
pendicular to the sporophyll. Some cells 
are divided into two by the tangential wall. 
The internal cell layer consists of small 
thin-walled cells, the majority of which are 
not well preserved. On the median part of 
the sporangium is found a dehiscent line, 
along which the sporangium appears to 
have been split longitudinally. This line 
is easily distinguished, for the wall cells 
along it are smaller than those of other 
parts. In the present specimen, most of 

: s the sporangia are closed, but judging from 
section of a sporangium, 

Posi E ructure of its the absence of spores they seem to have 
wall. (Compare PI. XXII, again closed at the time of fossilisation, 
Fig. 3) (x 60) after they had exposed the spores. 

There are some sporangia actually attached to the sporophyl. In 
this case, the sporangium is sessile. ‘The interior of the sporangium is 
either empty or full of black matter, and in no case spores are found. 


Affinity 


The important characteristics of this fossil lie in having 1) the 
sunken stomata on the sporophyll, 2) the thick-walled exothecium of 
the sporangium, 3) a dehiscent line on the sporangial wall, and 4) 
the uniform arrangement of numerous sporangia on the sporophyll. 

The general features of this fossil show it to be a fern type, but the 
presence of sunken stomata and the exothecium show a Gymnosperm 
nature. 

In the majority of Gymnosperms, a few sporangia (anthers) are 
situated on small scaly, peltate or filiform sporophylls (filaments), and a 
large sporophyll with numerous sporangia is only found in Cycadales 
or Bennettitales. In some Cycadales the microsporophyll is large and 
scaly with numerous anthers on the lower side, while in Bennettitales 


Text-fig. 3. Longitudinal 
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it is mostly pinnate with anthers in rows. Moreover, though in 
Bennettitales the sporangium is, strictly speaking, a synangium in- 
cluding many small chambers, the present fossil shows no trace of such 
a septate type. In these respects, this fossil resembles the Cycadales 
rather than the Bennettitales. 

The size of the sporophyll of the present fossil is unknown, but 
judging from the fragment it is probably fairly large. In the Cycadales, 
though the sporangia are close together on the sporophyll they are not 
uniformly arranged, but two to six sporangia are grouped so as to make 
small sori; such a sorus formation, however, was not to be found in the 
present species, and in this point it differs from the living Cycadales. 

Several fossils relative to the male flower or sporophyll of the 
Cycadales or Bennettitales have already been found; such are Lunzia 
Krasser, Pramelreuthia Krasser, Dioscostrobus KRASSER, Antholithus 
NATHORST, Cycadocephalus NATHORST, Androstrobus SCHIMPER, William- 
sonia NATHORST, Wielandiella NATHORST (cf. KRASSER (9), WIELAND (17), 
Srwarp (12). The present fossil is so incomplete as to make com- 
parison with these fossils impossible, but the uniform distribution of the 
sporangia is a peculiar feature which cannot be seen in those already 
known. Lunzia, for example, is very similar to the present fossil, but 
the sporangia are arranged in rows. 

This fossil, therefore, may be a new type of Cycadean microsporo- 
phyl, though it is impossible to determine its exact features; by the 
genus name Cycadangiwm is meant cycad-sporangium, and by the 
specific name compactum a compact arrangement of sporangia. 


Stachycarpites projectus, gen. et sp. nov. 


Pl. XXIII, Figs. 8-12; Text-figs. 4-7 
Diagnosis 


Small seed of Coniferae ; oval, anatropous (?); on upper part with 
small scales. Integument thick, fleshy, separable into three layers ; the 
outer layer consists mainly of parenchyma, including large intercellular 
cavities ; the middle layer consists of thin-walled parenchyma, including 
cell groups with scalariform marking on membrane; the inner layer is 
thin and corresponds to stony layer consisting of thick-walled scleren- 
chyma. Vascular bundles small, distributed in a ring in the middle 


integument. The center (endosperm) is empty, containing membraneous 
structure only. 
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Material 


This is a small seed completely embedded within the nodule, and 
is found in the serial sections of this nodule as three cross sections, so 
that the exact feature is quite uncertain, and the following description 
_is a reconstruction based on these sections. 


Text-fig 4. Three successive cross 
sections through the upper (A), mid- 
dle (B), and lower (C) parts. (Com- 
pare Pl. XXIII, Figs. 8-10) (x 10) 

sc, scale; oi, outer integument; mi, 

middle integument; ii, inner in- 

tegument; b, vaseular bundle; e, 

endosperm; ew, endosperm wall 


From Yubari, Ishikari, Hok- 
kaido; Upper Cretaceous ; found by 
Prof. K. Fusu in 1911 and prepared 
by him. No. 8 Ya, 9-11. 

The three sections are different 
from each other in form, size and 
structure, and at first their general 
features will be described. l 

Section C shows a circular 
outline, 3.5-4.0 mm. in diameter. 
The integument is not very thick, 
but three layers can be distinguished 
containing three bundles. The 
central cavity is large (Fig. 10, 
Text-fig. 4C). 

Section B shows also a circular 
outline, 4.8 x 6.0 mm. in diameter. 
The integument is very thick, three 
layers being clearly distinguished, 
including about thirteen bundles, 
and its outer part projects outwards 
which corresponds to the base of 
scales (Fig. 9, Text-fig. 4B). 

Section A consists of scales 
only, thirteen in number, spirally 
arranged round the central axis in 
nearly 26. The outer ones are larger 
than the inner (Fig. 8, Text-fig. 
4A). 

Reconstruction 

These three are the only 
sections obtained, and as their 
features differ from each other, it is 
very difficult to realize the actual 
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construction of the seed. But the writer attempted to reconstruct the 
whole topography, and obtained the following result, though it is 
mostly imaginative (Text-fig. 5). 

Section A, consisting of only scales, seems to be the basal part of 
the seed, but it cannot be determined as such owing to the smallness of 
central axis and the absence of vascular bundles in the axis and scales, 
so that this should be the upper part of the seed which proliferates into 
scaly processes as often seen in a few Conifers. Moreover, in Section 
B, there is seen, on the external part of the integument, some scaly 
processes. From these two sections, it seems to us that, on the upper 
part of the seed there are slender scales. 

Section C is similar to Section B, but is smaller and simpler 
than the latter. It is remarkable that the bundles are only three in 
number, and somewhat larger than those of Section B, and it is natural 
to regard the numerous bundles in Section B as being derived from 
these three through the repeated 
division at the interval between 
the two sections, so that Section 
C should be the basal part of the 
seed. Now, it must be noticed 
that. these three - bundles in — j||.* 0 
Section C are not distributed all E 
round, but are situated on one 
side. The writer intends to 
explain this from the anatropous 
nature of the seed. Er 


A ae 
j 


7 


From these considerations 
the reconstructed form of the 
seed is as follows (Text-fig. 5). 
This is a fleshy anatropous seed, 
the micropyle directed toward the 
basal part, and the upper, i. e. the 
charazal part projected into a 
whorl of scales. MIET yascular Text-fig. 5. Diagrammatic median 
bundles which entered into the loser Sakon o the reconstructed 
basal part divide, running through seed (D). The parts marked with chain 
the middle integumental layer, lines correspond to those where the 


and turn at the upper part sup- actual sections (A B C) were obtained. 
EN p (Dx 5, ABC x 25) 
plying the other side of the seed. 


mp, micropyle; other abbreviations as 
Some branches of the bundles in Text-fig. 4 


i 


E " 
“and 


mp 
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run to the base of the scale, but do not enter into it. 


Internal Structure 


Sections B and © are nearly the same in their internal structure 
(Figs. 11-12, Text-figs. 6-7). The outer integument is generally well 
preserved. The epidermis consists of small cells with a somewhat 
thickened wall, and the hypodermis, though mostly badly preserved, 


Text-fig. 6. One part of Text-fig. 4B, showing the general 
structure. Abbreviations as in Text-fig. 4 ( x 20) 

consists of several cell layers, similar to those of the epidermis. The 
interior of this hypodermis is occupied by large thin-walled cells whose 
preservation is not complete leaving numerous small cavities. There 
are also some large cavities irregularly arranged whose boundary is 
bordered by!compressed cells which seem just like the epithelial layer, 
- but these cavities may not be natural 

ones. The scaly part in Section B is the 

projection of the outer part of the integu- 

ment and is constructed just like the part 

of the outer layer. Within a scale. thus 

partly separated are seen vascular bundles 

(Text-fig. 6). 

The middle layer consists of thin- 
walled parenchyma badly preserved, and 
distinguished from the outer layer by the 
fact that the cells are mostly smaller and 
occupied by black matter and also by the 


Text-fig. 7. One part of absence of large cavities ; this distinction, 
None co ee nealne a Cor: however, is not prominent and there is no 
pare Pl. XXIII, Fig. 11) Eos i A 

(x 40) distinct demarcation between them. There 

Bu esis a inter: are also thick-walled cells which usually 


cellular space; other ab- 


breviations as in Text-fig. 4 group together near the vascular bundle, 


462 Y. Ogura 


sometimes surrounding it completely. The vascular bundles are 
situated mostly in the outer part of the middle layer. They are usually 
small, consisting of secondary tissue ; the xylem is well preserved and 
regularly arranged, but the phloem is badly preserved and is sometimes 
occupied by a hollow cavity. In the middle part of this layer in 
Section B, there are seen some groups of special cells, parenchymatous 
in form, whose membrane is not so thick but shows striking scalariform 
marking. The real nature of this tissue is uncertain, but may be com- 
-parable to the transfusion tissue of Coniferous leaves or may be the 
terminal part of the vascular bundle. 

'The inner layer is so-called stony tissue, about 0.1 mm. in thickness, 
clearly distinguished from the other tissues. It consists of sclerenchyma 
closely arranged and it completely borders the internal side of the 
integument, internally facing the central cavity. 

The interior of this stony tissue, mostly empty, is the main part of 
the seed, which has already decayed off, as is usual in fossil seed. In 
one part of Section B, in contact with the inside of the stony tissue is 
seen a mass of thin-walled cells, which may be the remains of the 
endosperm. In the central cavity, though there is none in Section B, a 
membraneous structure is seen in Section C. This membrane, circularly 
arranged, is quite separated from the stony tissue, and in one part is 
separated into two layers, so that this would seem to consist of two 
separate membranes, suggesting the outer to be the nucellus wall and 
the inner the endosperm wall. 

Seales of Section A show histologically a leaf nature consisting of 
thin-walled cells. On the periphery is an epidermal layer consisting of 
small thick-walled cells, and beneath it is a layer of large elongated 
cells, perhaps representing the palisade tissue. The central part is 
occupied by small circular cells. "This is the feature of a large scale 
situated outwards, but a small one near the center consists of un- 
differentiated cells. The central one, perhaps the axis, is also composed 
of undifferentiated cells. There is no vascular bundle in any scale. 


Affinity 


This description of the seed structure is based on three sections, 
and there is no evidence that the ovule is anatropous. The characteristic 
points of this seed are 1) the thick epimatial integument, 2) the stony 
nature of the inner integumental layer, 3) the characteristic arrangement 
of the bundles, 4) the anatropous (?) ovule, and 5) the proliferate 
scales. These features are sometimes met with in some Podocarpoideae, 
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especially in some species of Podocarpus. In this genus, the ovule is 
anatropous, the integument is differentiated into an outer epimatium 
and an inner stony tissue, and in the basal part is a thickened receptacle, 
the presence of which is quite uncertain in the present fossil, while in 
the Section Stachycarpus of the genus, the receptacle is absent and the 
upper part proliferates into a long beak. Comparing these charac- 
teristics of Podocarpus, especially of Stachycarpus, with the present seed 
there is a similarity in many points, and this is one of the reasons why 
the writer considers that the present one should have an anatropous 
ovule. The proliferation of the top is fairly prominent in Stachycarpus, 
but there is none which have the numerous scaly processes such as the 
present specimen. | 

The fossil leaves or shoots belonging to Podocarpus or to its allied 
form were found since Cretaceous under the names Podocarpus, 
Dacrydium, Podocarpites ANDRAE (cf. Sewarp (12) ). There are also 
some reproductive organs known to belong to Podocarpoideae, such as 
Strobilites SEWARD & BANCROFT (cf. SEWARD (12) ), but there is no seed 
with proliferate scales. 

The present specimen is represented only by one seed, and no 
vegetative part was found, so that its affinity is of course uncertain, but 
the seed structure differs from any recent or fossil species, and it should 
be natural to consider it to be a new representative of seeds having an 
affinity to Podocarpus, especially to Stachycarpus. The genus name is 
thus derived from this Section and the specific name from the project- 
ing scales. 

Piceophyllum simplex, gen. et sp. nov. 
Pl XXII, Fig. 5; Text-figs. 8-9 
Diagnosis 

Small needle leaf of Abieteae, elliptic in cross section, with two 
shallow stomatal grooves on lower side. Epidermis and hypodermis 
composed of two to three layers of thick-walled cells. Mesophyll com- 
posed of one or two layers of large thin-walled cells. One small vascular 
bundle in the centre, enclosed by large cell layers, whose outermost 
layer is of endodermal character. 

Material 


This is a fragment of a leaf embedded within the nodule together 
with other plants, and is shown by two cross sections in the serial 
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sections of the nodule, so that its length will be more or less 5mm. 
Its cross section is rhomboidal-elliptical, 0.75 x 0.5 mm. in diameter. 

From Yubari, Ishikari, Hokkaido ; Upper Cretaceous ; collected by 
Prof. K. Fusı in 1911 and prepared by him. No. 8Y;a, 4-5. 


Internal Structure 


It is not very well preserved, being mostly filled with black matter 
(Fig. 5, Text-figs. 8-9). On the periphery are thick-walled cells in two 
or three layers, of which the outermost one is the epidermis, somewhat 
damaged, and the other the hypodermis. Each cell of these tissues is 


equal in form and thickness, and is 
compactly arranged on the periphery. 
On both sides of the lower side are 
shallow grooves, on which these thick- 
walled cell layers are interrupted. 
This groove corresponds to the 
stomatal groove, common in Co- 
niferous leaves, though the stomatal 
structure is obscure owing to bad 


Text-fig. 8. Cross section of the 


preservation. 


The mesophyll is rather simple, 
consisting of large thin-walled cells, 


leaf, showing the internal struc- 

ture. (Compare Pl. XXII, Fig. 5) 
( x 60) 

hy, hypodermis; m, mesophyll; 


0.04—0.05 mm. in diameter They are st, stomatal groove; b, vascular 
of only one layer on the upper and bundle 


Text-fig. 9. Half part of Text: 
fig. 8 magnified. (x 120) 
Abbreviations as in Text-fig. 8 


lower sides, but two or three layers on 
both lateral corners. They are nearly 
of the same form showing no differ- 
entiation, and are all filled with black 
matter. No resin canal is visible. 

In contact with the inside of the 
mesophyll are one or two layers of 
large cells which are similar to the 
mesophyll cells in form and size, but 
are distinguished from them in that 
they contain no black matter (Fig. 5). 
They are about eighteen in number, 
and are arranged nearly elliptically, 
perhaps representing the bundle 
sheath or the endodermis. Within 
this sheath are one or more layers of 
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smaller cells. The vascular bundle is small and badly preserved, 
showing only a few tracheidal elements, and no trace of transfusion 
tissue is left. The tracheids are arranged in rows, and from their 
position and direction of arrangement, it was understood that the side 
with the stomatal grooves should be lower. 


AO Oy 


The above described features of this fossil leaf show at once its 
Coniferous nature, but its true affinity is very difficult to determine. 
The important characteristics of this leaf are 1) the presence of a 
large-celled endodermis, 2) a few layers of mesophyll, 3) the presence 
of two stomatal grooves, 4) the presence of one median vascular bundle, 
5) the absence of a resin canal, 6) two or three layers of a thick-walled 
epidermis aud hypodermis. 

Comparing these features with the leaves of recent Coniferous 
species, the presence of an endodermis shows its Abietean affinity. In 
the leaf of Abieteae the mesophyll consists of undifferentiated cells in 
Pinus, Cedrus, Picea, and Larix, of which the former two are charac- 
terised by the internal folding of the membrane, so that the present 
leaf resembles the latter two. The leaf of Picea, rhomboidal or flat in 
cross section, contains one small bundle, but stomata are generally 
distributed all round, with some exceptions, e. g. in P. hondoensis in two 
rows, while in Larix, flat in cross section, though the stomata are distri- 
buted in two rows, the vascular bundle is divided into two. 

The absence of a resin canal is another characteristic of this 
specimen. Though the majority of Coniferous leaves contain resin 
canals, Taxus and Torreya are exceptions. But the presence of a resin 
canal is rather unstable, variable in number and form, and its absence 
is sometimes recorded in some species of Picea.* 

In Abieteae, it is Pinus and Abies where the hypodermis consists of 
more than two layers, and in the others it is generally of one layer 
only, though sometimes of two. The hypodermis of the present fossil is 
uncertain owing to damage, but it seems to consist of one or two layers, 
and this character shows that it does not belong to Pinus or Abies. 

Taking these points of comparison into consideration this fossil leaf 
may be included in Abieteae, but cannot be identified with any of the 
genera of this tribe. It is very natural, however, to consider this to be 


* Tomas, Pringsh. Jahrb. wiss. Bot. 1865; Srraspurcer, Hist. Beitr. 3. 1891; 
BERTRAND, Ann. Sci. Nat. 1874; Scorr, Struct. Bot. 1912. 
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similar to Picea or Larix rather than to the others. 

Though there are some fossil Abietean leaves known to be related 
to Picea or Larix, they are known only in regard to their external 
features, so that they cannot be compared to the present fossil in regard 
to structure. Among the fossil leaves already known as showing an 
internal structure, there are none comparable to Picea or Larix. In 
some points, monophyllous pine leaves, e.g. Pityites (Pinites) eriensis 
Seward (12) or Pinus yezoensis Stopes € KeRrsHAw (15) resemble the 
present leaf, but they show the characteristic structure of Pinus. 

The present fossil, therefore, is not comparable to any one of the 
fossils already known, nor to recent species, and will be a new repre- 
sentative of the Conifers, but its true nature is obscure owing to the 
incompleteness of the material, which is suggestive of its belonging to 
the Abieteae, related to Picea or Larix. The genus name is given 
because of its similarity to the Picea-leaf and the specific name because 
of its simple structure. 


Pinus flabellifolia, sp. nov. 
Pl. XXIV, Figs. 18-19; Text-fies. 10-11 
Diagnosis 

Leaf of three-leaved Pinus, fan-shaped in cross section. On 
periphery two to four layers of thick-walled epidermal and hypodermal 
cells, interrupted by sunken stomata. Mesophyll generally one layer 
consisting of large cells with indistinct internal folding of membrane. 
Two resin canals at corners enclosed by thin-walled epithelium and 
thick-walled sclerenchyma. Central cylinder in’ center; endodermis 
very distinct consisting of large cells; vascular bundle separated in two, 
mostly of secondary tissue. 

Material 

This is a fragment of three needles embedded together within a 
nodule, in five successive sections of which are shown as cross sections. 
In each section of the nodule, three leaves are shown separated from 
each other (Fig. 18), but they should belong undoubtedly to one fascicle. 
They are all fan-shaped in cross section, 1 mm. in lateral and 0.75 mm. 
in median length, the angle being about 120°, which suggests the three- 
leaved nature of Pinus. The length is uncertain, but judging from the 
sections they cannot be longer than 20 mm. 

From. Yubari, Ishikari, Hokkaido; Upper Cretaceous; collected 
by Prof. K. Fusu in 1911 and prepared by him. No. 6bY, 2-6. 
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‘Internal Structure 


The internal structure is pretty well preserved (Fig. 19, Text-figs. 
10-11) On the periphery are two to four layers of thick-walled cells, 
the outermost of which is damaged, so that only a little of the epidermis 
“is left, and the peripheral cells 
are mostly represented by the 
hypodermis. These cells are 
very thick and closely 
arranged, but their layer is a 
little interrupted in some parts, 
which are represented by 
stomata. The structure of the 
stomata is obscure, but in one 
the front cavity and the guard 
cells, showing the character of 
Conifers, are clearly seen 
(Text-fig. 11) The stomata 


Text-fig. 10. Cross section of the leaf, 
showing the internal structure. (Compare 


seem to be distributed all Pl. XXIV, Fig. 19) (x 60) 
round the periphery. hy, hypodermis; m, mesophyll; rc, resin 
Under the hypodermis is canal; e, endodermis; xy, xylem; ph, 
phloem 


a layer of mesophyll consist- 
ing of large cells, which are generally one layer thick, except on the 
lateral corners where there are two layers. Each cell contains black 
matter and can be easily distinguished from the neighbouring tissue. 
The membrane is thin and its internal fold- 
ing, characteristic in Pinus leaf, is obscure, 
though such a condition can be seen 
indistinctly in some parts. Two resin 
canals are situated near the lateral corners 
just below the hypodermal layer. Each 
canal is surrounded by a_ thick-walled 
sheath, the external part of which is repre- 
sented by the hypodermis, so that it seems 


Text-fig. 11. One part of 
Text-fig. 10 magnified. 

(x 35) to be embedded within the hypodermis. 

st, stoma; otherabbrevia- Within this layer some thin-walled cells, 


tions as in Text-fig. 10. A : 
= mostly damaged, ure visible which should 


be the epithelial layer. 
The endodermis is a very distinct layer consisting of 22-24 large 
cells. Each cell is circular or elliptical in cross section, 0.06-0.08 mm. 
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in radial diameter, and is about the same size as the mesophyll; it is 
easily distinguished from the latter, however, by its regular form and by 
its being without contents. Within the endodermis is a sheet of small 
thin-walled cells, about one layer on the phloem side and two or three 
layers onthe xylem side. This tissue seems to represent the transfusion 
tissue though there is no characteristic markings on the membrane. 
Between this tissue and the vascular bundle there is a fair amount of 
small cells, the membrane of which is either thin or thick. The thick 
ones are abundant round the bundle, and situated also in such a posi- 
tion as to divide the bundle into two. 

The vascular bundle is normally constructed, consisting of second- 
ary elements. The xylem consists of regularly arranged tracheids, in 
ten or more radial rows, including medullary rays. At the position of 
the protoxylem is a small cavity, the origin of which, whether natural 
or due to bad preservation, is uncertain. The phloem is not preserved, 
being represented by a large hollow cavity. 


Affinity 


Considering the above mentioned internal structure, this fossil is 
at once understood to be the needle of the three-leaved Pinus. Three- 
leaved species are rather scanty in number and are included in the 
Sections Taeda, Khasia, Sula (cf. PiLGER (11), and sometimes also in 
other Sections. Itis general that in the three-leaved species the vascular 
bundle is divided into two (Diploxylon type), so that the present fossil 
should belong to one of the normal three-leaved Pinus. 

The main characteristics of the present specimen are 1) the position 
of resin canals ; 2) the scantiness of mesophyll cells; 8) the indistinct- 
ness of the folding of mesophyll membrane. In Pinus, the resin canal 
is generally embedded within the mesophyll, and it is rather rare to 
find it in contact with the hypodermis (cf. Zane (18)). The present 
fossil has two canals embedded somewhat in the hypodermis. This is 
undoubtedly due to the scantiness of the mesophyll which consists of one 
layer, and so has no space within. The mesophyll of Pinus generally 
consists of several layers, and it is rather rare to find it consisting of 
only one layer, as in the present species. The internal folding of the 
membrane is also one of the characteristics of Pinus mesophyll, and the 
indistinctness of this character in the present fossil differs from the 
normal type. From these points of comparison, the present species 
seems to differ from the existing three-leaved species of Pinus. 

Concerning the fossil pine leaves, there were numerous ones already 
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known, some of which showed an internal structure. Pinus sp. JEFFREY 
(7), from the Cretaceous of New York, is one of the three-leaved Pinus 
which shows such an internal structure. Though this has two bundles, 
it has two or three layers of mesophyll and has no distinct endodermis. 
Pinus triphylla Hortick & JerrreY (6), from the Cretaceous of New 
` York, is another three-leaved species, which has one bundle and two or 
three layers of mesophyll. The present specimen, therefore, differs from 
these fossils, and may be a new one, belonging to a three-leaved type ; 
the specific name is derived from its form in section. Concerning the 
leaf, the division of Sections in Pinus is mainly based on the number 
and the condition of the scales at the base of the shoot. In the present 
specimen no scales are left, and its exact position is uncertain. 

JEFFREY (8) pointed out that the leaves of Cretaceous Pinus differ 
from the living ones in 1) the development of transfusion elements, 
2) the differentiation of transfusion tissue in the outer and inner sides, 
3) the absence of endodermis, and 4) no folding of the mesophyll mem- 
brane. We cannot enter on any discussion as to the transfusion tissue, 
asin the present specimen it is not well preserved. In the present 
ones, the endodermis is very prominent and clearly distinguished from 
the other tissues, while the membrane folding of the mesophyll is very 
indistinct. Storms € KersHaw (15) described a Cretaceous pine leaf, 
Pinus yezoensis, from Hokkaido, in which the differentiation of the 
endodermis and the folding of the mesophyll membrane is as clearly 
shown as in the living species. It is rather interesting to point out that 
the present material is similar to STOPES & KERSHAW's species and also 
to the living ones in haying the endodermis, while it is similar to 
JEFFREY’s species in the indistinctness of the membrane folding. If 
the Pinus leaf of the present day has been derived from that which is 
without an endodermis and membrane folding, as the above mentioned 
authors suggested, the present specimen may be considered as the 
transitional form between the two types. 


Pinus pseudostrobifolia, sp. nov. 


Pl. XXIII, Fig. 13; Text-fig. 12 
Diagnosis 


Leaf fascicle of five-leaved Pinus, with short shoot in center and 
scales on periphery. Each leaf irregular fan-shaped in cross section. 
Epidermis thick-walled; hypodermis two or three layers, thin-walled. 
Mesophyll composed of two or more layers of large cells, containing no 
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resin canal. Two vascular bundles in the center; no distinct endo- 
dermis. Scale consists of some layers of thin-walled cells. 


Material 


This is a short shoot with five leaves, embedded within the nodule, 
only in one of the sections of which this is shown as a cross section, so 
that this must be a fragment of the basal part of a short shoot, the main 
part of the needles having decayed off. The section shows that part of 
the short shoot whence five needles are about to separate, three of which 
are completely separated (Fig. 13, Text-fig. 12). The outline of the leaf 
fascicle is elliptical, 2.0 x 1.5mm. in diameter, and the shape of each 
leaf is fan-shaped, but not all of the leaves are the same. On one side 
of the leaf fascicle are some scales which, one above the other, enclose 
the short shoot. 

From Yubari, Ishikari, Hokkaido; Upper Cretaceous; collected 
by Prof. K. Fus in 1911 and prepared by him. No. 6bY, 6. 


Internal Structure 


The preservation is not good. The epidermis consists of one layer 
of small thick-walled cells, beneath which is the hypodermis consisting 
of two or more layers of thin-walled cells, which are larger than those 


i Ri 12. Cross x E the basal part of the leaf-fascicle, 

showing the arrangement of five leaves and surrounding scales. 

Pl. XXIII, Fig. 13) re 
sc, scale; b, bundle 
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of the epidermis. Stomata are not found. 

The mesophyll is so badly preserved that most of it encloses black 
matter, but in some parts it is seen to consist of two or three layers of 
large cells. They seem to have no internal folding of the membrane. 

Within the mesophyll there is no trace of a resin canal. 

The vascular bundle is distinctly separated into two in the median 
part. In each bundle only the xylem elements are left, the other tissue 
being absent. They are composed of secondary tracheids, eight to ten 
radial rows, traversed by the medullary rays, and each row consists of 
three to six tracheids. Outside the pair of bundles is a sheath which is 
rather better preserved. It consists of several layers of thin-walled cells 
without contents, on both sides of the xylem and phloem reaching more 
than ten layers. Though there is no marking on the membrane this 
sheath seems to represent the transfusion tissue. This sheath is directly 
in contact with the mesophyll and there is no definite endodermal layer. 

The scale of the leaf fascicle consists of several layers of thin-walled 
cells containing no other special tissue. 


Affinity 


From the above mentioned characters it is easily understood that 
this fossil is a leaf fascicle of the five-leaved Pinus. This leaf is charac- 
terised by 1) the absence of stomata, 2) the absence of a resin canal, 3) 
the absence of an endodermis, 4) the indistinctness of the internal 
folding of the mesophyll membrane, and 5) having no thick-walled 
hypodermis. It is usualin Pinus for the differentiation of the tissue 
at the base of the leaf to be so poor that stomata, endodermis, resin 
canal, thick-walled hypodermis, and membrane folding are not visible. 

Five-leaved species are pretty numerous among Pinus, and are 
included within the Sections Strobus, Cembra, Pseudostrobus, and are also 
found in other Sections (cf. Pırcer (11)). Most of the species of Strobus 
and Cembra have one vascular bundle in the leaf (Haploxylon type), 
while those of Fseudostrobus two bundles (Diploxylon type), so that the 
two bundles type of this present species suggests its affinity with 
Pseudostrobus. But as this specimen has lost the main part of the leaf, 
in which specific differences can be traced, it cannot be compared with 
the living species. 

Some fossil leaves of five-leaved Pinus, showing internal structure, 
have been described. Pinus sp. JEFFREY (7) is a fan-like needle having 
one vascular bundle, though separated a little in the median line. 
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Pinus quinquefolius Honzick & JEFFREY (6) is a fascicle of five leaves, 
in each of which are two bundles with a surrounding sheath. The 
present fossil resembles the latter species in many respects, but as 
neither show any trace of the main part of the needle, we cannot identify 
them as being of the same species; we can only say that they are very 
familiar to each other, both belonging to the Section Pseudostrobus, and 
it is convenient for the present one to be treated as a new species; the 
specific name is given from Pseudostrobus-leaf. 

JEFFREY (S) pointed out that Yeonia and Cryptomeriopsis STOPES 
& Fuss (14), both from the Cretaceous of Hokkaido (the district of the 
present specimen), are respectively similar to Brachyphyllum and 
Geinitzia, and came to the conclusion that the Cretaceous flora in 
Northern Japan and that on the east coast of North America were 
similar. The present specimen seems to offer further evidence in 
support of this conclusion. 


Sciadopitys cretacea, sp. nov. 
Pl. XXII, Figs. 6-7; Text-figs. 13-14 


Diagnosis 


Needle leaf of Sciadopitys, elliptical in cross section, with deep 
median groove on lower side.  Epidermis and hypodermis scleren- 
chymatous, each of one cell layer; stomata only along the groove. 
Mesophyll thick ; on periphery palisade tissue, on inside spongy tissue. 
Two vascular bundles, each as Sciadopitys; xylem in the direction of 
median groove ; enveloped by sheath. Resin canals at least two pairs, 
one near lateral corners, another on upper side; provided with no thick- 
walled elements. 


Material 


Two specimens were found both embedded in nodules with other 
plant specimens. 

Specimen A. Text-fig. 13. This is a fragment of a leaf, and five 
successive cross sections were made, of which four are similar in size 
and form, elliptical, 2.2bx 1mm. in diameter, with a deep median 
groove, while the other is much smaller, 1.5 x 0.7 mm. in diameter, with 
a shallow median groove. The latter will be the basal part of the leaf. 

From Yubari, Ishikari, Hokkaido; Upper Cretaceous; collected by 
Prof. K. Fuzir in 1911 and prepared by him. No. 6bY, 6-10. 
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Specimen B. Fig. 6. This is another fragment of a leaf found in 
one of sections of the nodule as a cross section, long elliptical, 9.0 x 
0.8 mm. in diameter, with a shallow median groove. 

From Yubari, Jshikari Hokkaido; Upper Cretaceous, collected by 
. the writer in 1931 and prepared by him. 


Internal Structure 


In Specimen A, the peripheral tissue is in a fairly good condition, 
but the interior tissue is badly preserved, while in B, though the peri- 
pheral part is not good, the interior tissue is well preserved; the 
following description therefore is based on combining these two speci- 
mens. 


Text-fig. 13. Cross section of Specimen A, showing the internal 
structure. ( x 30) 

hy, hypodermis; pa, palisade tissue; sp, spongy tissue; rc, 

resin canal; st, stomatalgroove; xy, xylem; ph, phloem 


The cross section is long and elliptical, the upper side being slightly 
incurved, while on the lower side is a median groove, so that the whole 
is divided into two distinct lobes. This groove is stomatal, so commonly 
found in Conifers, stomata being distributed only along this groove. 
Sueh grooves are found in Coniferous leaves either on the lower or the 
upper side; itis not certain whether the side with this groove is the 
upper or lower, but owing to the resemblance of other characters with 
Sciadopitys, this groove may be considered as being on the lower side. 
(Text-figs. 13-14). 

On the periphery of Specimen A, with the exception of the 
groove, are two layers of thick-walled cells, the outer being epidermis 
and the inner hypodermis, both uniform in size and thickness of mem- 
brane. Along the median groove there are no thick-walled cells; it 
consists only of irregular thin-walled ones, which reminds us of the 
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papillar structure of the stomatal groove of Seiadopitys, so that though 
there is no stoma clearly shown, it is natural to consider this groove as 
being stomatal. 

The mesophyll is pretty well preserved in Specimen B, and it may 
be distinguished into two parts, viz:—the palisade and the spongy 
(Text-figs. 13-14). The palisade tissue which lies directly under the 
hypodermis consists of a few layers of elongated cells, which are more 
prominent on the upper side than on the lower. The inside is repre- 
sented by a spongy tissue consisting of roundish cells, roughly arranged 
and including intercellular spaces. The arrangement of these cells 
tends to radiate from each bundle, just like the recent Sciadopitys. 

The resin canal is small and 
difficult to discover, perhaps owing 
‘to the pressure of the surrounding 
tissue. In specimen B, it is 
difficult to distinguish from the 
other cavity, but in A, there seems 
to be, at least, two pairs, the one 
situated near the lateral corners 
and the other on the upper side. 
In either case the canal is 
situated between the hypodermal 
and the palisade tissues. The 
detailed structure is uncertain, but 
Text-fig. 14. Half part of Specimen it is clear that it is not surrounded 


B magnified. (Compare PI er 6) by a thick-walled element. On 
x $ 3 
Abbreviations as in rer REND COE the periphery of the canal is seen 


dermis and hypodermis mostly not irregular fragments of cells which 
pono may be epithelial. 

In the center of each lobe is a small vascular bundle, the structure 
of which is exactly similar to that of Sciadopitys, that is, the bundle is 
not perpendicular to the long axis of the leaf, but somewhat oblique, the 
xylem being directed toward the median groove. "The bundle is com- 
posed of mainly secondary tissue which is distinctly shown by the 
arrangement of tracheids; the phloem is not preserved. Surrounding 
the bundle is a bundle sheath composed of a few layers of cells which 
are distinguished by their compact arrangement. 
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Affinity 


The general topography, especially 1) the presence of a median 
stomatal groove, and 2) the structure of the vascular bundle, suggest at 
once the similarity of this specimen to living Sciadopitys verticillata. 

In this living species, the cells surrounding the stomata on the 
median groove elongate outwards in papillar form. Though this 
papillar formation is not limited to Sciadopitys, it is sometimes used in 
the identification of this genus (cf. Harre (5), Fromiw (3, 4). The 
preservation of this part in the present species is so bad that this 
character is hardly seen, but the irregular form and arrangement of the 
cells in this groove may be considered as being of the papillar 
nature. 

In living Sciadopitys, the mesophyll can be distinguished in the 
peripheral palisade and inner spongy tissues, and within the latter 
are found stellate idioblasts. In the present specimen the structure of 
the mesophyll is very similar to the living species, but no idioblast is 
seen. In the living species, surrounding the bundle is a sheath of 
several layers, the outermost layer of which resembles an endodermis, 
and within this sheath, on both sides of the xylem, is a distinct trans- 
fusion tissue, the membrane of which is provided with bordered pits. 
In the present specimen the sheath is clearly distinguished from the 
mesophyll, but the presence of transfusion tissue is quite uncertain, as 
the membrane structure is not clear. 

From the comparison of these characters with Sciadopitys verticillata, 
it is seen that the present specimen closely resembles the living species. 

Fossil leaves related to Sciadopitys were known as Sciadopitytes 
which is characterised by having the median stomatal groove (cf. FLORIN 
(3). Sciadopitytes macrophylla FLorIN (3) from the Jurassic of Norway, 
for example, is said to be closely related to the recent species, though 
the other structure is not known. Sciadopitys tertiana MENZEL (in 
FLoRIN (3)) from the Tertiary of Silesia is a good example of a leaf 
showing internal structure, closely similar to the needle of the recent 
species and also to the present specimen, but the exact structure was not 
given. 

As shown above, the present species resembles the living one in 
general characters, but from the obscureness of the stomatal groove, the 
transfusion tissue, and the idioblast, they cannot be considered to be the 
same. "The present specimen, therefore, will be treated as a new species, 
the specific name being given from the Cretaceous. 
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Fossil plants related to Sciadopitys, i. e. Sciadopitys itself and Sciado- 
pitytes, were known since Triassic from Central and Northern Europe, 
in which they were already extinct in the Tertiary. Now, the present 
fossil is the first record of exact Sciadopitys from Eastern Asia, suggest- 
ing that Sciadopityslike plants were distributed in the Mesozoic 
through Europe and Asia. They were all extinct, and the only one 
survival is represented by Sciadopitys verticillata, now grown in Central 
Japan, whose geological history becomes fairly clear by the record of 
this fossil. 


Yubaria invaginata, gen. et sp. nov. 
Pl. XXIV, Figs. 14-17; Text-figs. 15-16 
Diagnosis 


Dicotyledonous petiole, circular in cross section. Epidermis un- 
certain; thick hypodermis composed of sclerenchyma; fundamental 
tissue of large thin-walled parenchyma. Vascular bundles, about fifty 
to sixty in number, arranged in a characteristic double-lined «w-form ; 
each bundle collateral, mainly composed of secondary tissue, enclosed 
by sclerenchyma. 


Material 


Two specimens, both embedded within the nodule, were found. 

Specimen A. This is shown only by one cross section, so that its 
length is uncertain. Its outline in section is circular, 5mm. in diameter. 
The periphery is peeled off, and the outer vascular ring is exposed in 
the nodule material (Fig. 14, Text-fig. 15 A). 

From Ikushunbets, Sorachi, Hokkaido ; Upper Cretaceous ; collected 
by Prof. K. Fusu in 1911 and prepared by him. No. 16Lar, 1. 

Specimen B. This is another fragment and three successive cross 
sections were obtained, so that its length may be about 10 mm. This is 
incomplete, being composed of a half part, the other half having decayed 
off, so that the cross section shows a semicircular form, 7 mm. in diameter 
(Fig. 15, Text-fig. 15 B). 

From Yubari, Ishikari, Hokkaido; Upper Cretaceous; collected by 
the writer in 1930 and prepared by him. 


Internal Structure 


Both specimens, especially A, are fairly well preserved. ‘The 
epidermis is not clear and the hypodermis is exposed directly in 


Structure and Affinities of Cretaceous Plants from Hokkaido, II 477 


the nodule material. This layer, which is seen in B, is thick, and 
consists of numerous small sclerenchymatous cells, surrounding the 
whole surface; their thickness is almost uniform but in some places 
somewhat larger cells are mingled, and are arranged, though irregularly, 
ina radial direction (Text-fig. 16). However, the difference of size 
between the smaller and larger cells is not very distinct, so that the 
radial arrangement of these two kinds of cells is not always prominent. 

The fundamental tissue is composed of large thin-walled paren- 
chyma containing no special tissue, except the vascular bundles which 
are arranged very characteristically. All of the bundles are shown in 
A, but only a half of them in B. The mode of arrangement is some- 
what different in both specimens, but according to their characteristic 
arrangement, both should be considered as of the same species. The 


Text-fig. 15. Cross sections of Specimens A (A) and B i B), 
showing the arrangement of vascular bundles (Compare PI. XXIV, 
Figs. 14-15) (x 10) 

hy, hypodermis; xy, xylem; ph, phloem 
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following description is mainly based on A, which shows complete 
bundles (Text-fig. 15 A). In cross section, as the neighbouring bundles 
are apt to fuse to or separate from each other, the exact number is 
difficult to measure. In this section, the whole bundles number about 
forty five, of which about twenty, larger or smaller, are situated on the 
periphery in a ring-form, but at the upper side —judging from the 
general feature as to be upper — the ring is open and both margins 
curve inwards to make the second ring, which is composed of about 
thirteen bundles. This ring is also circular, but is interrupted at the 
opposite, i. e. the lower side, and in the same manner both margins 
curve inwards as to constitute the third ring, composed of about twelve 
bundles. This ring is not circular, but long and elliptical in arrange- 
ment, and at the upper side it is interrupted, both margins curving in. 
This incurving is not prominent, but the arrangement and the direction 
of the marginal bundles suggest the formation of the fourth ring. 

This cyclic arrangement of bundles is similar in appearance to the 
tricyclic form, from which, however, it differs in that the first and the 
second rings continue on one side, and the second and the third on 
another side, forming a double-lined w-form. Another point of differ- 
ence from the tricyclic arrangement is in the direction of the bundles, 
which are collateral. The xylem of the bundles of the first ring is 
situated inwards, while that of the second ring outwards, and in turn 
that of the third inwards, so that the xylem and the phloem of all 
bundles may be continuous respectively. 

In B, owing to the incompleteness of the material, the exact mode 
of arrangement of the bundles is uncertain (Text-fig. 15 B). In a half 
part, there are about twenty bundles in the peripheral ring, about ten 
in the second and a few in the third, so that the total number of the 
bundles seems to be nearly equal to or more numerous than that of A. 
The relation of the first and the second rings is quite the same to A, 
but the behaviour of the third ring is uncertain owing to damage of the 
central part. It is interesting however that, at the upper part of the 
third ring, about eight bundles are arranged in a small closed ring. 
This may correspond to the marginal part of the third ring sharply 
curved so as to connect each other into a ring. Such a tendency is also 
seen in A. 

In both cases the size and form of the bundle are not constant ; 
this is due to the repeated connection and separation of the neighbour- 
ing bundles in the same ring. 

The structure of the bundle, which is very well preserved in A but 
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| poorly in B, is rather simple. It is collateral, 
and mainly consists of secondary tissue, the 
xylem being equal to or somewhat more vigor- 
ous than the phloem (Fig. 17) The xylem 
elements are rather regular in their radial 
arrangement and are traversed by medullary 
rays, but the size of elements in the cross sec- 
tion is somewhat different, so that the radial 
arrangement is slightly disturbed. From these 
features, though the nature of their membrane 
is unknown, these elements seem to be com- 
posed mainly of Angiospermous vessels rather 
than Coniferous tracheids. The phloem is well 
preserved, and easily distinguished from the 
ae B be xylem by the thin membrane and rather 
magnified. ( x 40) irregular arrangement, which seems to be 
hy, hypodermis; b', peri- caused by the difference in the size of sieve 
pheral bundle ring; b", E à 
second bundle ring; xy, tubes. Surrounding the bundle is a sheath of 
xylem; ph, phloem thick-walled cells, one to several layers in 
thickness, gradually crossing to the thin-walled parenchyma. These 
sclerenchyma sometimes traverse radially through the bundle; this is 
the part where the neighbouring bundles are going to separate or fuse. 


Affinity 


The specimens were cut only transversely, and it is rather difficult 
to know their affinity from these sections. From the fact that the 
vascular bundle consists mainly of secondary tissue and that the bundle 
elements are rather of an Angiospermous type, showing the Angiosper- 
mous nature rather than Gymnospermous or fern, and from the mode 
of the bundle arranegment, the writer considers them to be a petiole. 

In the stem, though the bundles are usually arranged in a ring, 
there are sometimes medullary bundles, which are distributed irregularly 
in the pith or are arranged in a ring form (cf. Weıss (16), SOLEREDER 
(13)). In either case, the peripheral bundles and the medullary ones 
run through the internode without connecting with each other, the 
connection being done mainly at the node, while in the petiole, the bundle 
arrangement is very different in its different parts, being especially 
prominent in that with a complicated arrangement, and such difference 
in arrangement gradually took place within the petiole. In the present 
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specimen, moreover, the outer and inner bundle rings are connected at 
the median line showing a bilateral symmetry, which is rather rare in 
the stem but is common in the petiole. 

In the petiole in general, though the vascular bundles are usually 
arranged in an open arc, they often show a ring arrangement just like 
the stem. In rare cases, those of the. upper median part of the ring 
invaginate into the ring, the invaginated part being sometimes cut from 
the periphery as an independent ring. Such features, or even more 
complicated forms, are found in the petioles of some Leguminosae, 
Lecythidaceae, Dipterocarpaceae, Salicaceae, Cupriferae and others (cf. 
SoLEREDER (13), Cor (1). Inany case the invagination or any other 
complieation is done along the median line or on both sides sym- 
metrically. l 

From these features, the present specimen should be considered as 
being a petiolar part. In this, the great invagination occurs at first at 
the median upper part to make the secondary ring, in which the second 
invagination comes at the median lower part, thus making the third 
ring, which has also a tendency to form the third invagination at the 
upper side. The complicated arrangement of this specimen is due to 
such a repetition of the invagination of the successive bundle rings. In 
the families above mentioned, the invagination of the bundle ring is 
done at the upper median part, though some other complications may 
accompany it, but there is no case having a second or third invagination. 
Neither are any fossils known with such structure. 

Thus, though the present fossil can be considered to be a new 
representative of a Dicotyledonous petiole, it cannot be identified with 
any living or fossil plant, and its affinity is not clear. The genus name 
Yubaria is given from Yubari, the locality where the specimen was 
found, and the specific name from the characteristic arrangement of 
the bundles. 


In conclusion, the writer wishes to express his sincere thanks to 
Professor K. Fur for the specimens which he has generously put at 
the writer’s disposal. 


February, 1932 


Botanical Institute, Faculty of Science, 
Imperial University of Tokyo 
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EXPLANATIONS OF PLATES 


Plate XXII, Figs. 1-4 Cycadangium compactum, OGURA 
Fig.5 Piceophyllum simplex OGURA 
Figs. 6-7  Sciadopitys cretacea OGURA 


Fig. 1. Cross section of the ısporophyll with sporangia on its lower side; 
sporangia in longitudinal section. Internal tissue of the sporophyll is replaced by 


nodule material. (Compare Text-fig. 1 A) (SO) 
Fig. 2. A section nearly parallel to the sporophyll; sporangia are shown in cross 
section. (Compare Text-fig. 1 B) Cx 10) 


o 


Fig.3. A part of Fig. 1 magnified, showing the structure of sporangial wall. 
The inside of the sporangia is empty or contains black matter. ‘(Compare Text-figs. 
9 A & 3) (SON 

Fig. 4. A part of Fig. 2 magnified, showing the sporangia in cross section. The 
sporangial wall is not very clear, as black matter is abundant near the wall. 
(Compare Text-fig. 2 B) CxS) 

Fig. 5. Cross section of the leaf, showing the internal structure, which is 
unclear in photograph as most part is filled with black matter; endodermis is only 
clearly shown. (Compare Text-figs. 8-9) Cx 80) 

Fig. 6. Cross section of the leaf of Specimen B, showing its internal structure. 
It is divided by the lower groove into two lobes, in the center of each of which is 


situated the vascular bundle. (cf. Text-fig. 13) Cx 30) 
Fig. 7. Right half of Fig. 6 magnified. The differentiation of the mesophyll 
into palisade and spongy tissues is seen. (Compare Text-fig. 14) CX 45) 


Plate XXIII, Figs. 8-12 Stachycarpites projectus OGURA 
Fig. 18 Pinus pseudostrobifolia OGURA 


Fig. 8. Cross section of the upper part of the seed which proliferates into a whorl 


of scales. (Compare Text-fig. 4 A) (X12) 
Fig. 9. Cross section of the middle part of the seed with thick integument and 
central endosperm cavity. (Compare Text-fig. 4 B) Cie) 


Fig. 10. Cross secition of the lower part of seed with thin integument and 
large central cavity, in which is seen the remain of endosperm wall. (Compare Text- 
fig. 40) (x 12) 

Fig. 11. One part of Fig. 9 magnified, showing the structure of integument 
which is differentiated into three layers; the outer layer provided with large inter- 
cellular cavities, the middle one consisting of small thin-walled cells, the inner one 
being stony (thick line at the bottom of the figure). In the central part of the 
middle layer are cell groups whose membrane is provided with scalariform marking. 


In the inside of the stony tissue is seen a part of the endosperm. (Compare 
Text-fig. 7) (Cx EO) 
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Fig. 12. One part of Fig 10 magnified, showing the structure of integument 
which is thinner than that of the middle part (Fig. 11) and badly preserved. The 
outer and middle layers are not well differentiated but the inner layer is very promi- 
nent. One vascular bundle in the projected part. In the central cavity one part of 
the endosperm wall is seen. Cx 50) 

Fig. 18. Cross section through the basal part of the leaf fascicle. This is very 
imperfectly shown in the photograph as the most part is full of black matter. 
(Compare Text-fig. 12) Cx 35) 


Plate XXIV, Figs. 14-17 Yubaria invaginata OGURA 
Figs. 18-19 Pinus flabellifolia OGURA 


Fig 14. Cross section of the petiole of Specimen A, showing the characteristic 
arrangement of vascular bundles. The peripheral part is not preserved. (Compare 
Text-fig. 15 A) (CS TUS) 

Fig. 15. Cross section of the petiole of Specimen B, the right part of which is 
not preserved. The vascular bundles are not clearly shown. On the periphery is 


a sheet of thick hypodermis. (Compare Text-fig. 15 B) CAS) 
Fig. 16. A part of Fig. 14 (upper right corner), showing the arrangement of the 
outer and second rings of vascular bundles. (ef. Text-fig. 16) (x 50) 
Fig. 17. One of the vascular bundles of Specimen A. magnified. Cx 80) 
Fig. 18. Cross section of three leaves embeded in a nodule; they should belong 
to one fascicle of the three-leaved Pinus. Cx 20) 


Fig. 19. One of Fig. 18 (lowest) magnified, showing the internal structure fairly 
well preserved. The endodermis is very clear, but the mesophyll is not clear as each 


cell contains black matter. (Compare Text-figs. 10-11) (TON) 
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